This paper contributes to the existing literature as well as policy debates by examining energy intensity and its determinants in China's regional economies. The analysis is based on a comprehensive database of China's regional energy balance constructed for this project. Through its focus on regional China, this study extends the existing literature which mainly covers nationwide studies. It is found in this paper that energy intensity declined substantially in China. The main contributing factor is the improvement in energy efficiency. Changes in the economic structure have so far affected energy intensity modestly. Thus there is considerable scope to reduce energy intensity through the structural transformation of the Chinese economy in the future.
Introduction
Over the past three decades the Chinese economy has indeed achieved impressively high growth. This growth is however associated with deteriorating environmental conditions in the country (World Bank 2001 , Wu 2010 . With increasing environmental awareness in the society and demand for better quality of life by ordinary citizens, Chinese policy makers are under tremendous pressure to rechart the country's course of growth in the coming decades. A key issue of concern is related to energy consumption which is the main source of pollutants in the air, soil and water.
China is now the world's largest energy consumer as well as CO 2 emitter. The country's energy consumption pattern will have important implications for the global environment.
So far the literature has focused on forecasting future energy consumption in China particularly at the aggregate level (Crompton and Wu 2003, IEA 2009 ). There are a few papers which investigated China's energy intensity (defined as the ratio of energy consumption over output such as GDP). As shown in Table 1 , these studies can be broadly divided into several groups, namely, national, regional, sectoral and other studies. First, Garbaccio et al. (1999) and Ma and Stern (2008) adopted different decomposition methods to examine energy intensity at the national level. Second, Huang (1993) , Sinton and Levine (1994) and Zhang (2003) represented earlier studies of energy intensity in China's industrial sector in the 1980s and 1990s. Recently Liao et al. (2007) and Zhao et al. (2010) extended earlier studies to sub-sectors at the twodigit level. All sectoral studies followed the decomposition method. Zheng et al. (2011) is an exception which applied regression analysis to investigate the impact of exports on energy intensity in 20 sub-sectors during 1999-2007. Garbaccio et al. (1999) 1987 & 1992 I-O tables/index method Ma and Stern (2008) Huang (1993) 1980-88 Divisia index/Industry Sinton and Levine (1994) 1980s Laspeyres index/Industry Zhang (2003) 1990s IDA/29 sub-sectors Liao et al. (2007) 1997-2006 IDA/36 sub-sectors Zhao et al. (2010) 1998-2006 LMDI/15 sub-sectors Zheng et al. (2011 Zheng et al. ( ) 1999 Zheng et al. ( -2007 Regressions/20 sub-sectors (exports)
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Sectoral level
Regional Qi and Luo (2007 ), 1995 -2002 Regressions Li and Wang (2008 1995 - Third, several recent papers employed provincial (regional) data and regression techniques to examine China's energy intensity. For example, Qi and Luo (2007) investigated the relationship between energy intensity and economic growth, Wang and Zhong (2009) explored the effect of regional resource endowment on energy intensity, and Yuxiang and Chen (2010) examined the impact of government expenditure on energy intensity. Furthermore, Ma et al. (2009) investigated the substitutability between fuels and between energy and factor inputs (capital and labour) and Li and Wang (2008) adopted the popular logarithmic mean Divisia index (LMDI) approach to understand energy intensity changes across the regions. Finally, several papers are differentiated from the national, sectoral and regional studies just reviewed. Fisher-Vanden et al. (2004) is the first paper with a focus on energy intensity at the firm-level (involving data of 2500 firms and three years 1997-1999). Golley et al. (2008) presented a detailed study of energy requirement and CO 2 emissions at household level in urban China. Chai et al. (2009) employed a decomposition method involving the input-output table to explore how various factors affect energy intensity in China.
The present study extends the existing literature in two ways. The analysis is for the first time based on sectoral energy consumption data in the Chinese regions. In addition, it applies regression analyses to examine the determinants of energy intensity and its components at the regional level. It is found in this study that there is considerable regional disparity in energy intensity as well as its trend of movement over time. It is also shown in the empirical analysis that changes in regional energy intensity are mainly affected by energy efficiency changes with hardly any impact from economic structural transformation in the regions. This finding implies the need for urgent policy actions in order to reduce energy intensity through structural changes in China's regional economies in the coming decades. Other factors which are important for the reduction in energy intensity include energy prices and adoption of new technologies in regional economies.
The rest of the paper begins with Section 2 where energy intensity at the national level is briefly discussed. Section 3 then presents a preliminary analysis of energy intensity in the regions. Subsequently, regression analysis in Section 4 is employed to investigate the determinants of regional intensity variations. This is followed by further discussions of selected issues in Section 5. The concluding remarks are presented in Section 6.
Energy Intensity in China
During the period of 1953-2009 the movement of China's energy intensity basically followed an inverted U-shaped curve though total energy consumption increased steadily (Figure 1) . Before the country's economic reform program was introduced in 1978, energy intensity fluctuated considerably and its overall trend of changes was upward. It peaked twice in 1960 and 1977, respectively. This course of changes is consistent with the pattern of economic growth before 1978. During that period, the Chinese economy experienced a few ups and downs due to political chaos and poor economic policies. However, during the post-reform decades , energy intensity basically followed a declining trend though there were temporary disruptions in several years, namely, in 1989 and during 2003-2005 when energy intensity was recorded with a minor increase. Thus the "dematerialization" phenomenon was also observed in China as income increases over time (Bernardini and Galli 1993) . In international perspectives, China's energy intensity is converging rapidly with major energy consumers in the world (Figure 2 ). Especially, China seems to follow the similar paths undergone by Japan and South Korea. If the overall trend is maintained, China could even do better than the major economies in terms of energy intensity reduction in the future (refer to the solid line in Figure 2 ). 1953 1955 1957 1959 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 
Figure 2 Energy intensity and Economic Development
To gain a better understanding of the trend in China's energy intensity, the following decomposition approach is considered (Greening et al. 1997 , Ang 2004 . Following the IDA approach, changes in energy intensity (ΔI t ) can be decomposed into two components which may be called the efficiency and structural change components, respectively.
On the one hand, the efficiency component (ΔE t ) refers to changes in energy intensity which are associated with changes in energy use efficiency. On the other hand, the structural change component (ΔS t ) captures the contribution of economic structural changes to energy intensity variation. Symbolically, the additive version can be presented as
where
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Energy Intensity in the Regions
There are few studies focusing on energy intensity in China's regional economies largely due to the scarcity of data. Hu and Wang (2006) and Dan (2007) Following the IDA approach described in Section 2, changes in energy intensity in each region is decomposed into two components which reflect the contributions of energy efficiency and economic structural changes, respectively. The decomposition results are presented in Table 3 . In general, the western regions were recorded with the highest average energy intensity in 1997 followed in turn by the central and In fact, the average contribution of economic structural changes to intensity decline is negative in the three regional groups, that is, the coastal, western and central regions.
These regional differences call for further investigation into the determinants of the variation in regional energy intensity. 
Determinants of Regional Energy Intensity
To understand regional variation in energy intensity and its determinants, three regional indices similar to those in Figure 3 are computed using the decomposition results from Section 3. The indices relative to the initial year (1997) capture the trends in energy intensity change and its two components over time. To examine the determinants of regional variation, the indices reflecting the two components, namely, the energy efficiency (EE it ) component and structural change (SC it ) component, are regressed against a set of region-specific covariates or explanatory variables (X it ).
Symbolically,
where Y it represents either the efficiency index (EE it ) or the structural change index (SC it ) for region i and at year t. The covariates (X ijt ) are selected to capture specific characteristics of regional economies and detailed as follows.
An income (Income) variable is included to reflect the level of economic development in the regions. It is measured by per capita gross regional product (GRP) which is expressed in 2000 constant prices. It is argued that energy efficiency generally improves as an economy develops. 7 In accordance with this argument, the coefficient of the Income variable is expected to be negative.
A price (Price) variable is considered to evaluate the impact of fuel prices on energy intensity. As China's fuel price data are not available, the fuel price index for each region is employed as a proxy of fuel prices. It is also expressed in terms of 2000 constant prices. In general, an increase in energy prices raises the cost of production.
Producers may respond by improving energy efficiency. Thus the coefficient of the Price variable is expected to be negative.
Other variables considered include the capital-labour ratio (Klratio) and the growth rate of capital stock (Krate). On the one hand, it is argued that energy and technology or capital may be substitutes (Thompson and Taylor 1995, Metcalf 2008) . The capitallabour ratio here is employed as a proxy of the level of technology involved. Thus the capital-labour ratio (Klratio) variable may be negatively related to energy intensity.
That is, energy intensity is expected to decline as production technology improves. On the other hand, the growth of capital stock may to some extent reflect the speed of old machines and structures being replaced and is hence introduced as a measure of the vintage of capital. New capital may be endowed with energy-saving technology and is thus more energy efficient. Therefore, the coefficient of the Klratio variable is expected to be negative. A time trend (Time) is also included in the model to capture the trend of change over time and is expected to have a negative coefficient.
The baseline model estimated is a fixed effect log-log model. The estimation results are presented in 
Further Considerations
The analyses in the preceding section are likely affected by several factors. The first factor is the possible existence of unit roots in the variables included in the models.
The results of five tests for unit roots are mixed as some tests are statistically significant and others are not (see Table 5 ). To explore this issue further, the popular generalized method of moments (GMM) is employed to re-estimate the models. In addition, it is assumed that the use of GMM may also correct potential problems with multicollinearity, heteroscedasticity and autocorrelation of unknown forms in the models. Finally, there may be potential problems with endogeneity in the models reported in Table 4 . This is another reason to adopt the GMM approach. The estimation results are illustrated in Table 6 (Models 5 and 6) are estimated using the efficiency component index as the dependent variable. A major issue with the GMM approach is the choice of instrumental variables (IVs) which can lead to overidentification of the model. To deal with this problem, the number of IVs is controlled and the Sargan test is conducted. The IVs used in each model are described in the notes to Table 6 . Both models (5 and 6) passed the Sargan test for over-identification.
To tackle the possible presence of serial correlation, the estimation method built-in in Eviews 7 is employed here. 9 It is assumed that the errors for a cross-section are heteroscedastic and serially correlated. Under this assumption, the coefficient covariance is calculated and hence the corrected standard errors of the estimated coefficients are reported. The results from the static GMM estimation (Model 5) are generally consistent with those from Model 2 in Table 4 . 
Notes: The estimated coefficients of the variables are listed in the  columns and the corresponding pvalues are printed aside in smaller font. The IVs used in each model include all independent variables and the dependent variable with lags (from 3 to 5 using the @DYN (log (EE),-3,-5) command in model 5, @DYN (log (SC),-3,-6) in model 6, @DYN (log (EE),-4,-6) in model 7 and @DYN (log (SC),-4,-7) in model 8. The Time trend variable is untransformed using the @LEV(Time) command. The standard errors of the estimated coefficients are corrected for serial correlation.
The second factor is associated with the inclusion of lagged values. In the preceding sections, while one-period lagged values are used to avoid the potential problem of simultaneity, the lag period could last well beyond one year. For example, a change in energy prices or capital-labour ratios may affect energy intensity (as well as its components) over a few years. To deal with this problem, a partial adjustment model is considered. 10 This model can be expressed as follows
where * it Y is the desired efficiency (component) in the i th region and t th year and  is the coefficient of adjustment. Combining Equations (7) and (8) yields
where  j is the short-run impact of a change in X on Y and  j gives the long-run impacts. Thus the model becomes a dynamic panel data model and can also be estimated using GMM which is now called the dynamic GMM (vs static GMM). The estimation results are reported in Table 6 (Models 7 and 8). For the dynamic GMM estimation, the estimated coefficients of all variables but Income are statistically significant. The estimated adjustment coefficient is 0.69. 11 Thus the elasticity of 'efficiency' with respect to price is -0.166 in the short run (Model 7) and -.241 in the long run. 12 These numbers imply that energy price may play a more important role in reducing intensity in the long run.
For the structure models (Models 6 and 8), the results from both static and dynamic GMM estimations are generally consistent with those from the fixed effect estimation, that is, Model 3 in Table 4 . Energy price is found to have a negative impact on the structural change component (and hence a positive effect on the reduction of energy intensity) but this effect is not statistically significant. The coefficients of other variables (Income, KLratio and Krate) are also estimated with the wrong sign which is consistent with the decomposition result that structural change component has made little contribution towards the fall in energy intensity among the Chinese regions during 1998-2007.
The last point is however subjected to serious qualification. It should be emphasized that, due to data constraints, the analyses in this paper are highly aggregate and only cover three sectors, agriculture, manufacturing and services. During the sampled period of 1998-2007, structural change might take place within the manufacturing sector in each region. This change cannot be captured in the empirical exercises here and may be partly responsible for the decline in energy intensity and hence efficiency improvement. To shed some light on this issue, Table 7 presents the output shares and energy intensity in China's twenty-eight manufacturing sectors in 1998 and 2007, respectively. Within a decade, energy intensity in the manufacturing sector declined by about two-thirds. If we follow the index decomposition analysis proposed in section 2, we can show that the decline (-34.5) is purely due to energy efficiency improvement (-37.8) with structural changes having a negative contribution (3.3). This is confirmed in Table 7 which demonstrates that the high energy-intensive sectors (the top 10) all experienced a decline in energy intensity while the changes in output shares are mixed. This is of course based on economy-wide statistics. There may be regional variations which call for further investigation when information becomes available. Note: Value-added shares are percentage shares. Energy intensity is expressed in kilograms coal equivalent per 1000 yuan.
Conclusion
To sum up, it is shown in this study that the overall trend of the movement of China's energy intensity in the past decades has been declining. The main driving force for the decline is due to the improvement in energy efficiency while the impact of structural changes in the economy is very limited. There is however substantial variation in energy intensity and its trend of changes in Chinese regional economies. In absolute terms, among the 27 regions considered, the highest energy intensity is six or seven times as high as the lowest one. During the period of 1997-2007, the average energy intensity declined. In conformity with the national trend, the decline is mainly due to efficiency improvement with little contribution from economic structural changes. But the changes in energy intensity are very uneven. Some regions experienced a substantial decrease in energy intensity while others were recorded with a modest increase during 1997-2007. Furthermore, it seems that there was no evidence of convergence in regional energy intensity in the past decade.
To understand regional variation in energy intensity, the intensity component indices, namely the efficiency and structural change indices, are regressed against several region-specific covariates. It is found that energy intensity declines as income rises among the regions. Thus China's regional economies generally follow the same dematerialization process as most developed economies have undergone. However "dematerialization" at the current stage of development in China is not due to shifts in manufacturing activities rather it is mainly because of energy efficiency improvement within the sectors. It can be anticipated that China's energy intensity can be reduced further when structural changes become the main driver for dematerialization. For this reason, an optimistic view is that in terms of energy intensity China could even perform better than its East Asian counterparts, Japan and South Korea. It is also found in this study that energy intensity is responsive to energy prices in both the short run and the long run. Thus getting energy prices right is important for reducing energy consumption and hence emissions in China. 
